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ABSTRACT
Application techniques and methods for applying various commercial-
ly available types of fused carbides were studied. The non-

lubricated wear surfaces of forged steel track shoes were used

in this study.

900 track shoes were produced in total using four hard surface
combinations. The track shoes were tested at Aberdeen Proving

Ground and Yuma Proving Ground.

Examination of the four types of hard surfaced shoes after field
testing revealed little differencé in the rate of wear between
the different types. All hard coatings were penetrated at
approximately 1,000 miles. The cost of mass producing an
induction hardened wear surface on a T1l30 track shoe is less
than_that of a mass produced fused carbide hard coat on the

same shoe,

During the field testing, very few cracked shoes were observed
in either the control or test group. However, Yuma Proving |
Ground indicated that standard induction hardened T130 track
shoes showed 45% less grouser wear than hard surfaced T130 shoes.
The standard T130 induction hardened shoe also appeared to have
less wear at Aberdeen Proving Ground with the exception of the
longer lasting, inboard corner of the front grouser. This
inboard corner was on shoes with the tape method of application

produced by Code C601,

During the investigation production proceéses using furnace
fusion were selected. A comparison between metal spray, slurry,

and decal methods of application was made. The équipment and
iii
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techniques of Company Code I6A vere readily adaptable for
reproducible good quality fused carbide coatings on non-
lubricated wear surfaces of track shoes. Company Code I6A
has developed equipment, techniques, and personnel for hard
surfacing agricultural implements on a production basis,
making their slurry process reliable and economical when

compared to the less sophisticated metal spray and decal

methods of application.
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FOREWORD

The investigative work described in this report was performed

by the Firestone Tire & Rubber Company and was a joint effort
between the Firestone Metallurgical Laboratory, 1200 Firestoné
Parkway, Akron, Ohlo and Firestone Industrial Products, Noblesville,
Indiana. All work was performed under contract DAAEQ7-71-C-0148
and modification POOOO1l to the contract.

This project has been accomplished as part of the U. S. Army

‘Manufacturing Methods and Technology Program, which has as its

objective the timely establishment of manufacturing processes,
techniques, or equipment to insure the efficient production of

current and future defense programs.

The work under Phase I was performed at the Firestone Metallurgical
Lab under the supervision of Mr. P, Hi Brotzman, Chief Metallurgist.
The pilot lot production run under Phase II included the hard
surfacihg of the experimental track shoes at the subcontractor's
plant locationg with the rubberizing and assembly of the track shoes
at Firestone Industrial Products. Field testing under Phase III

was performed at Aberdeen Proving Ground and Yuma Proving Ground
with the analysis of production capabilities, the development of
quality assurance criteria, and the cost estimation of the various
techniques being performed by Firestone Industrial Products under
the direction of N. Wulff, Manager, Government Sales.
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INTRODUCTI

Many design concepts utilized in tank-automotive components are

subjected to non-lubricated wear. Normal practice for wear surfaces

is to use steels with sufficient hardenability and then flame or
induction harden. these surfaces to a high hardness. Recent
development indicated that a coating of metallic compositions
impregnated with carbides, such as tungsten, can be used with
satiéfactory results. These coatings can be bonded to the wear
surface, thus eliminating the need for wear through surface
hardening treatment, Matrix materials which hold the carbides
firmly can be bonded either metallurgically or mechanically to the
wear surface., The composition of matrix material can have
sufficient hardness as well as the ability to firmly hold the
hardened partiéles (carbides). ' |

Earlier work at TACOM demonstrated that a matrix of nickel,

~cobalt and boron with crushed tungsten carbide particles improved

wear characteristics over the conventional flame or induction
hardening method. This matrix material was capable of making a
metallurgical'bond with the base alloy steel, utiliZing short
time temperatures of 2,000°F. Since the success of utilizing the
hard face alloys was thought to depend on a minimum of 0.025 of
an inch thickness, the total thickness of the coating had to.be
built up in layers. The powders whiéh are fused to form the
tétal coating thickness must be held firmly in the desired

locations prior to fusing.

T s o et e




BJECTIVE

For many years it has been the standard practice to induction or
flame harden the wear areas of T130 tank track shoes. Since the
T130 track shoe 1s a high volume production item, it was selected
for the application of fused carbide coatings in order to determine
the economics and feasibility of utilizing fused carbide coatings.

The wear surfaces of the T130 track shoe are:

1. The surfaces of the track shoe grousers which contact
the ground,

2. The areas of the sprocket window where the sprocket tooth
contacts the track shoe.

3. The sides of the center guide which contact the wear rings
or shields of the road wheels.

The objective of this investigation is to establish the feasibility
as well as the technlques and methods for applying fused carbides

on non-lubricated wear surfaces for high volume production tank-

automotive items such as track shoes,

After the systematic metallurgical survey defined in Part I, a
more definite objective of a comparison of the metal spray, slurry,
and decal methods of application was stated. A comparison under
field service of the following materials was also planned: |

ﬁgngsten Carbide vs. Chromium Carbide

0 mesh Tungsten Carbide vs. 200 mesh Tungsten Carbide

An Iron Base Matrix vs. a Chrome, Nickel, Boron Matrix
This study consisted of three parts as follows:
PART I:
A systematic metallurgical survey of potentially desirable hard
surfacing materials and application methods followed by a laboratory

evaluation of the various candidate materials. The basis of this

2




study was to assess the feaslbility of each method including the

relative wear resistance of the candidate materials.,

PART II:
A pilot lot production run of approximately 900 shoes hard
surfaced with four different materials selected on the basis of

Part I tests.

PART III:

Field testing and evaluation of the four materials used in Part
IT plus the analysis of production capabilities, development of
quality assurance criteria, and cost estimation of the various

techniques.




PART T - SURVEY OF THE HARD COATING FIELD

Hard surfacing materials and methods may be outlined as follows:
Materials

1. Comnosite Tungsten Carbide

2. High Chromium Irons

5 Austenitic Irons

4, Cobalt Base Surfacing Metals

5. Nickel Base Alloys

b. Martensitic Steels plus added carbides

Application Methods

1. Manual Oxyacetylene-bare rods

2. Manusl Oxyacetylene-powdered filler metal

5. Semi-automatic Oxyacetylene-powdered filler metal
4, Manual Arc Surtacing-coated rods

5. Sbubmerged Arc Surfacing

6. Gas Tungsten Arc

7. Gas Metal Arc

8. Atonic Hydrogen

9. Thermal Spraying (Metallizing) and Fusing
10. Plasma Arc-powder surtacing
11. Furnace Brazing

In view of the large production requirements, the manual oxyacetylene
and manual arc methods were immediately eliminated from serious
consideration. The automatic and semi-automatic methods were

considered, but due to the geometry of the areas to be covered, it




was concluded that the tooling and fixture development costs
would be excessive for this study. These methods were therefore

abandoned for this project.

The evaluation of the cobalt base alloys was not pursued due to
their comparative high cost. The austenitic irons were also

discarded due to their anticipated lower abrasion resistance.




The Part I study was conducted on the following materials and

processes:

Sample #1

Prepared by: Code FML
Steel 4140, heat treated to Rockwell "C" 52 ¥

Sample #2

Prepared by: Code FML
Steel 4140, heat treated to Rockwell "C" 54

Sample #3

Prepared by: Code N

Material: 60/80 mesh WC in a Cr-Ni-B Matrix (AWS BN1-1; AMS 4775)
Process: No details revealed

Sample #4

Prepared by: Code ASB-1
Material: Cr-Ni-B self fluxing alloy ,
Process: Plasma spray and furnace fusing in a reducing atmosphere

Sample #5

Prepared by: Code ASB-Z2
Material: Cr-Ni-B self fluxing alloy plus 50% 270 mesh or finer WC
Process: Plasma spray and furnace fusing in a reducing atmosphere

Sample #6

Prepared by: Code I6A
Material: Iron base matrix plus FeC CrC, B
Process: Coating applied as a paste and fused in conveyor furnace

Sample £Z

Prepared by: Code I5
Material: Nickel base matrix with chrome, Boron and Iron
Process: ESame as Sample #6

Sample ég

Prepared by: Code ISW

Material: ©Nickel base matrix with Chrome, Boron and Iron and Tungsten
Carbide particles
Process: Same as Sample #6

Sample #9

Prepared by: Code W6 . , .

Material: A Nickel, Chrome, Boron and Silicon Alloy with Chrome Boride
Crystals '

Process: Spray-Welder Torch 6 -




Sample #10

Prepared by: Code E10009 at Code FML
Material: A 140 mesh atomized Nickel Boride Powder

Process: Fuse Welder Torch

Sample #11

Prepared by: Code W63
Material: A Nickel, Chrome, Boron and Silicon Alloy Matrix
Process: OSpray-Welder Torch

Sample #12

Prepared by: Code wW/05

Material: 200 mesh Tungsten Carbide particles in a Chrome,
Nickel, and Boron Matrix

Process: Fuse Welder

Sample #13%
Prepared by: Code S65TG

Material: A Nickel, Chrome, Boron and Silicon Alloy Matrix
Process: Fuse Welder

Sample #14

Prepared by: Code S65WTG

Material: 200 mesh Tungsten Carbide particlesin a Nickel,
Chrome, Boron and Silicon Alloy Matrix

Process: TFuse Welder

Sample #15
Prepared by: Code c101

Material: WC/CrNi Cloth-Tape
Process: Tape/Hydrogen furnace atmosphere

Sample #16

Prepared by: Code C601°
Material: CrsCp/CrNi Cloth-Tape
Process: Tape/Hydrogen furnace atmosphere

Sample #17

Prepared by: Code C603
Material: CrNiB Cloth-Tape
Process: Tape/Hydrogen furnace atmosphere




All samples were first quenched and tempered to a Rockwell hard-
ness of 25-30 Rockwell C, and then cut into 1 inch squares and
weighed. They were compared for weight loss by running the sample
without lubrication against an 80 mesh abrasive belt with a
constant load. The tests were run for 15 minutes each and the
samples reweighed. The weight loss was noted. Three tesfs of
each material were made and the results were averaged. The

abrasive belt was changed between each test.

The results are tabulated in graphic form in Table 1. While
differences in weight loss between the varlous materials were
observed, it should be noted that all of the hard facing alloys
performed much better on this test when compared to the two control
specimens which were hardened to Rockwell C50-52 to duplicate the

hardness of the induction hardened areas on the T130 track shoe,

PART II - PILOT LOT PRODUCTION
After a review of the results it was decided to have 249 shoes hard

surfaced by each of four vendors using the techniques summarized

below:
Method Furnace
Vendor Method of Application of Fuging Atmogphere
Code €601 "Tape" cemented to Batch Type Dry Bydrogen
specific areas with Furnace
volatile adhesive
Code I6A "Slurry" dispensed Continuous Endothermie
on the specifie Belt
areas Furnace
Code N UNKNOWN UNKNOWN UNKNOWN
Code 705 WC-125 "Tape" cement- Bateh Type Dry Hydrogen
ed to specific areas Furnace

with volatile adhesive

8




Table 1

ABRASTON TESTS
(weight loss in grams)

MATERTAL

1. 4140 - 52 RC
2. 4140 - 54 RC
5. Code N

4. Code ASB-1
5. Code ASB-2
6. Code I6A

7. Code 15

8. Code IS5W

9. Code W6
10. Code E10009
11. Code W 63
12. Code W 705
13. Code S65TG
14. Code S65WTG
15. Code C101

l16. Code C601

17. Code C603 | .10 (Scale - 1/2" = 1 gram)




DE - TAPE (CLOTH) METHOD OF APPLICATION
The material used in this hard surfacing technique is a powdered
metal cloth similar to a thin sheet of pie dough. The sheet
contains powdered metals and carbides and can be rolled out to the
desired thickness. The tape or cloth is then cut with sheers or
knives to conform to the surface to be coated. A cement of
proprietary composition is used to adhere the hard surfacing cloth
to the article to be hard surfaced. Material is glued in place
similar to the manner in which mucilage 1s applied to paper.
After the powdered metal and carbide 1s laid on the article a
second coat of adhesivg and a second layer of nickel-chrome-boron

brazing alloy 1s applied.

The brazing alloy is the matrix and serves as the 51nder for the
carbides. The two layer techniques permits the brazing alloy to
flow around the carbides during fusion rather than combine all

the ingredients in a single film. However, this double method of
application can probably be eliminated to facilitate mass production.

The heat treating cyecle is used to fuse the tape (cloth) to the
article and lasts approximately six hours and is done in the
progressive steps as follows:

1. Bake at 200 - 300 degrees F,.

2. Heat to 800 - 1000 degrees F. and hold to destroy the
binder.

3. Ralse temperature to 1700 degrees F., and hold to equalize
temperature,

4, Raise to proper fusion temperature for the specific alloy.

5. Cool in furnace.

10




The vacuum furnace used in the production of the'ﬁilot lot of
shoes was approximately 36" in diameter and 48" deep with a weight
carrying capacity of one ton. However, the largest load processed
at the time of our inspection was 1200 pounds. Approximately 50

to 60 shoes could be processed in one batch.

During the preparation of samples, this vendor experienced problems
with adhesion or "surface wetting" with the vacuum furnace fusing

of the selected sample material. Spotty adhesion was visually
apparent in all locations but the addition of nickel to the chromium

carbide eliminated the problem and produced excellent results.

At the time of our investigation no high volume mass production
process existed for this particular method of application although
such a process seemed entirely feasible. An alternate fusion
method using resistance heating had been tried on small parts by
this firm and the hard coatings had been fused to the base metal
in a matter of seconds. This method of resistance heating is

very similar to the process now used to induction harden wear
surfaces oh T130 track shoes. Such an approach has definite
potential for high volume production but would require a consider-
able amount of development and tooling expense that was beyond

the scope of this investigation,

CODE I6A - SLURRY METHOD OF APPLICATION
Company Code I6A has had considerable experience with fused coat-

ings and has developed equipment, techniques, and personnel for

the hard coating of agricultural implements on a production basis.

11




The equipment and techniques are readily adaptable for high
quallity and high consistency fused coatings on T130 track shoes.

The coating, in the form of a slurry, was applied tb the sample
lot by dipping the horn and grousers of the track shoe. The
coating was applied to the sprocket window areas with a recircu-
lating stream of the slurry. The shoes were then cycled through
a drying oven which solidified the coating. After the drying
oven the coating could be easily contoured or removed by sanding
or filing. Minor repairs could be made by applying a second

slurry with a small brush.

Prior to entering the continuous belt furnace, the track shoes
were supported with the grousers in the down position. The

track shoes then passed into the high temperature furnace for
fusing and cooling with a controlled gas protective atmosphere.
The furnace temperature can be adjusted to control running or
dripping of the coating. Once the optimum temperature has been
determined, it is probable that very close control can be main-
tained resulting in completely fused uniform coatings on all areas

of the track shoe.

0 - MELHOD OF APPLICATION

Company Code 705 experienced problems with their tape or decal
type of coating because the coating separated from the base
metal before reéching fusing temperature in the furnace. A
batch-type dry hydrogen furnace was used and after additional

development work, the separation problem was solved.

12




The tape or decal is also applied with a volatile adhesive in
this process. ©Slight adjustments in the formulation of the
material and the temperature of the furnace produced the desired

results.

CODE N - UNKNOWN METHOD OF APPLICATION

Company Code N woﬁld not release information on the method of

application or fusing.

FUSION TEMPERATURES

All fusion temperatures were approximately 2000 degrees F.
adjusfed slightly for the specific matrix alloy being used. After
completion of the hard coating, all four lots were shipped to
American Metal Treating, Crystal Lake, Illinois, for heat treating

and machining. No problems were encountered during these operations.

After heat treating, a sample shoe from each lot was sectioned
in the same manner as induction hardened shoes are normally
sectioned. The thickness of the hard surfacing material was
measured. Photographs of these section samples showing the hard

coating thickness are shown as Figures 1 through 8.

COATING THICKNESS
It should be noted that only company Code W705 maintained the

coating thickness of .020" plus or minus .005" as specified on
the purchase orders., The\coating of €ompany Code C601 was more
than double the specified thickness. The coating of company
Code 164 véried greatly in thickness and the average thickness

was at the very minimum specified.

13




The thinnest coating of any of the four lots was applied by
company Code N with the average thickness being in the range
Of 0012 had 001)"' inches.

After completion of the heat treating and machining, all shoes
were shipped to Noblesville, Indiana for rubberizing and
assembly into eight shoe pitches. Each lot was color coded
and stamped for identification. All lots were accepted and
shipped to TACOM for reshipment to Aberdeen Proving Ground for
field testing. So ended Part II.

i




Code 601
Microstructure and Knoop Hardness Readings On
Hard Surface Overlay on Sprocket Window

Cross Section of Hard Surfacing
L00X
Etch: K3Fe(CN),’KOH Electrolytic

Matrix - 423 KHN

Carbide - 1810 KHN

*ﬂf\\\\\\“MatriX - 423 KHN

Carbide - 1810 KHN

Matrix - 423 KHN
Carbide - 1810 KHN

g ;”//////’Base Metal - Alloyed Structure

(Massive Chromium Iron Carbides)
765 KHN

Alloyed Zone - Chromium Iron
193 KHN




020"

Code 601
50X

This shows a .020" thick deposit plus an
alloyed zone in the 4140 base metal where
the Chrome-Nickel-Boron brazing alloy has
diffused to a depth of .020-.025". This
diffusion zone has absorbed enough of the
"high alloy" that it seems to be unaffected
by the normalize, quench, and temper applied

to the shee. The porosity in this deposit
is very low.

10% Potassium Ferricyanide Electrolytic Etch

Figure 2
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Code I6A
Microstructure and Knoop Hardness Readings On
Hard Surface Overlay on Sprocket Window

Cross Section of Hard Surfacing
400X ,
Etch: K3Fe(CN)6/KOH Electrolytic

Carbide - 1120 KHN

- Carbide - 1260 KHN

Carbide - 1260 KHN

Void

; i”””,,darbide - 1260 KHN
’ Matrix

Interface - 1080 KHN

Figure 3
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012"

Code I6A
50X

This photo shows the .012"™ thick hard
surface overlay with extensive porosity.
These deposits have by far the largest
amount of porosity of any of the four
lots examined.

10% Potassium Ferricyanide Electrolytic Etch

Figure 4
. 18




Code N
Microstructure and Knoop Hardness Readings on
Hard Surface Overlay on Sprocket Window

Matrix - 395 KHN

~~=Carbide - 1780 KHN

200X
Etch: K3Fe(CN)g/KOH Electrolytic

Figure 5
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b 012"

Code "N"
50X

This shows a .012" thick deposit with massive
carbides in the matrix glloy.

10% Potassium Ferricyanide Electrolytic Etch

Code "N"

Unetched
50X

This shows the massive carblides plus extensive
gas porosity.

Figure 6
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Code W705
Microstructure and Knoop Hardness Readings on
Hard Surface Overlay on Sprocket Window

Cross Section of Hard Surfacing
- ' LOOX
Etch: KyFe(CN)g/KOH Electrolytic

595 KHN

i\\\\\\~Matrix - 395 KHN

¢—R¢——————Carbide - 1800 KHN

595 KHN
Matrix - 395 KHN
Carbide - 1800 KHN

atrix - 395 KHN
Carbide -~ 1800 KHN

#;

M;ifffllf,lnterface - 316 KHN .

%

Figure 7
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.016"

Code W705
50X

This shows the .016"™ thick deposit with
a moderate amount of porosity and/or
inclusions.

10% Potassium Ferricyanide Electrolytic Etch

Figure 8
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COATING THICKNESS SUMMARY
.020" t ,005" Specified

Center Guide

Vendor Grouser . Sprocket Window
Code 601 *A,  JO48"-,056" OL8"-,056"
C*¥B, L O48"-,056" 048" -,056"
Average Lo52" 052"
Code I6A A. .008"-,020" .006"-,018"
B. .010"-.,020% .008"-,028"
Average 015" 015"
Code N. A. .012"-.018" .010"-,020%
B. .OO4"-,012% .008"-,020"
Average 012" .01hn
Code W705 A. .0141-,028" .016"-.032"
B. - .OO4"-,032" .01k~ 028"
Average 022" 022"
*¥A - Unmachined Shoe
**B -~ Machined Shoe
Table 2

23

.032" -, 046"
.OLO" -, 048"
LOL1n
010"~ ,020"
.0l2"-.022"
008" -, 014"
.008"-,016"
012"
0018” -0026"
.018"-,032"
023"
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FIELD TESTING

The four lots of T130 track shoes were field tested at two separate

locations.

One test was conducted at Aberdeen Proving Ground,

Aberdeen, Maryland and the second at Yuma Proving Ground, Yuma,

Arizona,

The full final reports from both of these proving grounds

are contained in the appendix. The summary below is based on this

test data as well as observations made during trips to Aberdeen

on September 21, 1972, and to Yuma on October 16, 1972.

A.

B

Aberdeen Test Summary

1)

2)

3)

L)

A1l shoes that had to be replaced during the test

were replaced because of rubber bushing fallures and
not because of metal failures.

At the end of 6,000 miles all shoes in which the bushings
had not failed were still operable, but all four of the
different hard surface coatings had been penetrated.

No fatigue cracks had developed adjacent to the hard
surfaced areas. Fatigue cracking adjacent to induction
hardened areas was stated as a common cause of track
shoe failures in normal service,

Eight sample shoes were selected (two from each of the
hard surfacing processes) for shipment to code FML for

metallurgical examination.

Yuma Test Summary

1)

The experience at Yuma was similar to the results
obtained at Aberdeen. ©Shoe failures were primarily the
result of rubber bushing failures rather than metal

failures.
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2) Eight shoes from Yuma were also returned to Code

FIL. for metallurgical examination.

The data compiled from the metallurgical examination of the

tested track shoes is listed in Table 3.

2

3.

A.

D.

ELAMINATION OF FIELD TESTED SHOES

In all cases the grousers showed the greatest wear, with
the sproéket’window next and the center guide the least.

In all cases, after 2,929 miles, the grousers showed a
wear loss of 11/32-13/32 inch which indicates the hard
surface overlay was worn through after some 1,000 miles‘of
service., After approximately 1,000 miles of service, the
rate of wear was a function of the wear resistance of the
quenched and tempered steel at a hardness of 30 Rockwell C,
In comparing the amount of wear between the four lots of
shoes, no significant difference was found.

Inducetion hardened shoes exhibited grouser and center-
guide wear areas having as much wear as hard surfaced

shoes at the same mileage, although there was less wear

in the sproéket window of induction hardened shoes compared
to hard surfaced shoes.

Figures 9 throﬁgh 36 show section samples of track shoes

- before and during testing and after completion of testing.

SUMMARY OF FIELD TESTING

A. The examination of the shoes after field testing for -

between 2,900 and 6,000 miles revealed little difference

in the rate of wear between the four different hard

25




surfacing systems. All the hard coatings were penetrated

at around 1,000 miles. After penetration the rate of .
wear of the base metal was fairly uniform at between

4/32 and 6/32 per 1,000 miles for the grousers and |
3/32 to 5/32 per 1,000 miles for the sprocket windows.
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PART TIT -~ Continued:

4.

QUALITY ASSURANCE PROVISIONS

If the hard surfacing T13%0 track shoes, Ordnance #116%3%919,

is permitted in lieu of induction hardening,or as an alternative
to induction hardening, the following additions to the
Supplementary Quality Assurance Provision 116%3919, Revision

D, dated 8/21/69 should be considered.

It is suggested that Paragraph 5.1.1 on page 5 be changed to
read "SECTIONAL SPECIMENS FOR FLAME OR INDUCTION HEAT TREAT
EVALUATION (see Paragraph 6.1.1) OR FOR ALTERNATE HARD
SURFACING APPLICATION EVALUATION (see Pafagraph XXX) "

Characteristics 4, 5 and 6 on page 4 should also be changed
to include the alternative hard surfaced material. The
material should be .025 fo .035 inches thick after fusing
and shall contain metallic carbides of not less than 50% by

volume in an iron or chrome-nickel-boron mixture.

Paragraph 6.1.1 shouldbe modified to indicate - that it applies
only to flame or induction hardening methods. An additional
paragraph should be addedfforthe hard surfacing method

if it is selected as an alternative. However, consideration
must be given to the fact that .025 to .035 inches of additional
material will be placed on top of the high wear areas when the
hard surfacing or hard coats technique is used. If the basic

machine forging 11633919 is to be used on an unaltered basis,
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provisions must be made to permit the inspectors to accept
material with increased dimensions in these areas. As a

result, the inspection method control sheets, pages 15, 14, -
and 15 of the SQAP 11633919 should also be changed to reflect

the increased dimensions as a result of a hard coat or hard

surface application.

It is also recommended that alternate section drawings for SQAP
11633919 be produced to detail the inspection of hard surface
or hard coated track shoes. An inspection guide similar to

figure 30 of this report is recommended.

RECOMMENDATIONS FOR PRODUCTION CONTROL

After our experience in the production of the pilot lot of

some 900 hard coated or hard surfaced T150 track shoes, we
recoﬁmend that the following points be included as a minimum
in the material specifications and quality assurance provisions

for hard surfacing of the T140 track shoe.

A) Material:
The hard coat material shall consist of a metallic carbide-
in an iron or chrome-nickel-iron matrix.
B) The metallic carbide shall consist of not less than 50%
of the total volume consisting of matrix and metallic carbides.
C) It is recommended that the hard surfacing material be applied
only to a shoe that has been cleaned and which is free from
scale and grease. All track shoes should be degreased if

necessary and blasted clean with steel shot. .
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D)

E)

F)

The hard surfacing material shall be applied to a thickness
of .025 to .035 inches after fusing. The hard surfacing
material is to be applied to a shot blasted forging prior
to normalizing, quenching, tempering, and machining.

The hard surfacing or hard coating operation is to be
conducted in a nitrogen free atmosphere.

The hardness of the iron or chrome-nickel-iron matrix
shall have a minimum hardness reading of Rockwell C50

as converted by a Knoop or diamond pyramid hardness

(DPH) test. |

Zince the proposed hard coat or hard surface method is
applied on top of the basic machined forging 11633919
rather than a localized heat treatment of the machined
forging, it is recommeﬁded that a coupon control sample

be used in lieu of an entire track shoe for the micro-
hardness test and a determination of particle size.
However, it is recommended that the confractor be required
to select samples for sectional cutting at the rate of one
per 24 hour period. It should be noted that the proper
positioning of the hard coat or hard surfacing material
can be determined by exterior measurement of the material
as it lies on the track shoe. However, induction or flame
hardening requires sectional cutting of the forging for

verification.

58




6.

G.

H.

It is recommended that whatever material note 1s finally
proposed as a revision to the drawing and whatever quality
assurance provisions are selected, that they be submitted

to the hard surfacing material manufacturers utilized in
this investigation. Since these manufacturers would have

to produce the end product, it is recommended that their
comments and suggestions be solicited. It is also recommend-
ed that the comments and recommendations of the present
group of prime contractors involving specification MIL-T-
11891 be solicited before the final adoption of any specifi-
cation or Quality Assurance Provision.

It should be emphasized that the other supplementary
duality assurance Provisions contained in SQAP 11633919
should not be deleted. For an example, the frequenci of
inspection of this track shoe should be as specified in the
present revision of the SQAP. The clause detailing what to
do if certain production control inspection tests are not
passed should also be included. First aiticle inspections
should also be continued in line with SQAP 11633919. The
inspection clause requiring 100% magnetic particle inspection
after final heat treat must also be included to assure that

no crgcked forgings escape the inspection process.

COST EVALUATION AND ANALYSIS OF PRODUCTION CAPABILITY

The coststo hard-surface track shoes shown in Table 4 are based

on actual quotations from the firms involved.

submitted in April and May of 1973. When we requested quotations from

firms selected under Part II, we were advised by company Code W705

that they were no longer interested and did not wish to submit a
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quotation estimate for mass production. The quantity of track
shoes ranging from 50,000 to 500,000 shoes per month had little
influence on the cost estimates contained in Table 4, As long
as the monthly delivery rate remained approximately 30,000
shoes (a range of 20 to 40 thousand shoes per month), all
present production facilities were capable of handling that

level of production.

However, equipment would be required on a one-time basis for a
mass production hard surfacing operation. Estimates for this
tooling run from a high of $300,000 to $500,000 by Code I6A

for the equipment to produce at the rate of 60,000 shoes per
month, to a low of $51,700 for Code C601. Company Code N
indicated that they had some tooling and might be able to handle
the required monthly production rate. An examination of the

tooling or production equipment was not permitted.

The cost of start up tooling and equipment has not been included
in Table 4, the cost estimation, since it is a one-time expendi-
ture. In order to make a reasonable comparison it was assumed
that induction hardening equipment and hard surfacing equipment
were avallable, although in reality induction hardening equipment
is available and to the best of our knowledge,'hard'surfacing
equipment to handle track shoes in this volume does not exist
with the possible exception of Code I6A. This firm has mass
production equipment designed for use on agricultural implements

that could be used for hard surfacing track shoes.
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‘7o POSSIBILITIES FOR APPLICATION

Although the T130 track shoe (11633919) has been replaced by

the T130El track shoe (11646782), this change has little

impact on the cost structure shown in Table 4. The basic forging
réquired to produce the T130 track shoe was more expensive than
the T130El track shoe because the T130 track shoe required 4%14OH
steel. The.T13OEl track shoe permits the use of 1345H steel
which has substantially reduced the cost of forging, basic heat
treating, and machining operations as well as the defective rate
for these operations. At this time ﬁe see no reason why the
T130El track shoe, weighing one to two pounds more than the T130
track shoe, could not be hard surfaced in lleu of induction

hardening.

Should at any time the cost picture change, making hard surfacing
of the T130El track shoe economically feasible, it is recommended
that hard surfacing be considered in lieu of induction hardening
for the T91E3, T132El, T136,and the T138 track shoes as well as
the center guides and end connectors that may pe induction

hardened on the T84El, T97E2, T107, and T142 track shoes.

8. LESSONS LEARNED
If we were to repeat this investigation'or make a similar investiga-
tion, we would make the following changes based on what we learned.
A. It was originally requested that the 6,000 mile vehicle |
test ‘include the measurement of the grouser wear every
500 miles. When the length of the test was feduced to 4,000
miles, the grouser measurement was increased to every 2,000

miles with only a visual inspection every'500 miles.
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B.

As a result, we were unable to determine which hard

surface coating had the fastest rate of wear since by

the time the track shoes were measured at‘2,000 miles, all
hard surfaces had been penetrated. If we were going to .
conduct the field test again, we would insist upon measure-
ment of the hard surfaced shoes and the control shoes at

500 miles. Because of the expense and time consumed in
making these caléulations, it is recommended that a sample
of each type of shoe under test be made. A statistical
sampling of the various lots under test would greatly réduce
the time required to take the measurements of the degree of
wear.,

At the time we started this investigation we suspected the
bushing life would be the major cause of shoe fallure.
However, we were hesitant to introduce a new variable into
the test. Superior bushing compounds and/or designs are
avallable and are used in the T130El track shoe. If we

were to repeat this test, we would recommend the use of
superior bushing compounds and/or designs. At this time we
see little advantage to the rebushing of the test shoes to
continue field tests since the rate of wear can be projected.
Although the hard surfacing of T1l30 track shoes is a feasible
substitute for the induction hardening presently used on the
T130 track shoes, the cost of hard surfacing the shoes is
more than the cost of induction hardening track shoes.
Although the laboratory wear tests suggested that a hard

surface track shoe would far outlast an induction hardened
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track shoe, this did not prove to be the case during field
testing. In fact, hard surface track shoes did not last

as long as induction hardened track shoes when tested at
Aberdeen and Yuma Proving Grounds. The reason for the

rapid wear of the hard surfacing materials in actual fleld
use in unknown. It is suspected that it might be a function
of the impacting of the track shoe against the ground or
against the wéar surfaces of the drive sprockets and the

road wheels might play a part in the rapid wear of the
material. It is also possible that the base material holding

the carbide particles was eroded away during actual operation.

The higher cost of the hard surfacing technique compared

to the induction hardening technique might be significantly
reduced if a mass production téchnique for the induction
fusion of hard surfacing materials could bevperfected.
Company Code C601 was attempting to develop such a technique
at the time of this 1nVestigation. The induction fusion of‘
these materials would eliminate the expensive controlled

atmosphere furnaces required by the present processes.
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CONCLUSIONS

Although the hard surfacing of non-lubricated wear areas of
track shoes such as the T130 is a feasible substitute for
induction hardening, the material and labor costs of hard
surfacing are considerably more. In the course of this
investigation no significant advantages other than the possible
reduction in the number of cracked shoes which might result

from improper induction hardening were found,

A comparison of induction hardened surfaces to hard coated
surfaces under actual field tests did not bear out the results
of the laboratory abrasion tests. Although the hard coatings
considered were all very much more resistent to abrasion than
4140A steel in the range of Rockwell C 52-54 during the
laboratory weight loss tests, this was not the case during

the actual vehicle tests at Yuma and Aberdeen Proving Grounds.
Hard surfaced shoes lasted no longer than standard induction
hardened shoes. As a result hard surfaced shoes did not prove

to be less expensive on a cost per mile basis,
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DEPARTMENT OF THE ARMY  yrAdler/iz/070-"730
ABERDEEN PROV!NG GROQUND ' ]
ABERDEEN PROVING GROUND. MARYLAND 21005

2 Yoverbar 1972

CTJBJECT:  Final Letter Report of Product Improvement Test of T130 Fuse
Coated Steel Track Shoes, TCCOM Project No, 1-VC-017-130-0L2,
Report lio. APC-MT-4i34

Comnaander

Us Avnry Tank=-Automotive Command
ATTN: ANSTA-RIMH

Warren, Michigan 43090

l joanbarahe had A
. Py S

i .
felhaslviv.ag

Letter, AVSTE~BB, 29 Feb 72, subject: Custemer Test Directive:
Product Improvement Test of T137 Fuse Coated Steel Track Shoes, TECOM
Project Ho. 1=VC=C17-130-~C1?, w/inclasure - AMSTA-RPT letter.

2., BACKGROUND:

a. The present T130 track assembly of corposition 4140 steel has
a vehicular track life of approximately 4000 miles. Tuse ceated shoss
have shown an increcase in durability as a result of previous tests
Four types of fuse coating (slurry, spray, tape, and gprinkle pro
were subject to endurance testing. The fuse coating on the test
had been applied to the grousers, sprocket windews and centersu

b. Four sections of 12 shoos of each type, separated by scetions
of C standard choes ware installed on each side of Armored Perconnol
Carricr, M112A1, USA Reg. ~o. 12AS6189, Vehicle gross welght was
34,000 pounds.

c. A 6000-nile endurance test was conducted from 22 Mzy 72 to
10 Oet 72 at this installation by lVoteriel Teoting Dircctorate. 7
purpoce of the test was to deternine the durability of the & <ypes
of fuse coated track chocs.
3« ORJECTIVE:

To evaluate the durability of the 4 types of T130 fuse coated (5140
steel) track chonsg as cowpared with the productien stael track shoes.
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STEAP-HMT-U

SUBJECT: Final Letter Report of Product Improvement Test of T120 Fuse ‘
Coated Steel Track Shoes, TECOM Project lo. 1-VC-017-130-012, T
Report No., APGC-MT-41384

4, SUMMARY OF RESULTS:

a. A 6000-mile vehicular test consisting of the followins was
i

conducted:
Hard Surface and Gravel 600 miles
Cravel and Dirt Road , 1500 miles
Level Cross-Country 1950 miles
Hilly Cross~Country 1950 miles

b. The track shoes were visually inspected for cracks everv 1000
miles and 1 standard shoe and 1 each of the & types of fuse cozted
shoes in the left track were measured for wear.

c. Of the shoes selected for wear measurerment, only the standard
shoe and the shoe with the tape method of fuse coating completed the
6000-mile test. Of the 96 test shoes originally installed (24 of each
type), only S completed the full mileare; 2 slurry process (I), 1 spray .
process (i}, 3 sprinkle process (N), and 3 tope process (C). AlLl track
shoe failures were due to bushing failures, '

d. The only cracks noted occurred with 1 tape type after 3000
miles, 1 slurry type after 4000 miles and 2 standard shoes after 4000
miles. The cracks were 1 to 1 and 1/2 inches in lenrth runuins from
inside and across the grouser, to the face of the grouser. The shoc

continued in operation until bushing failure occurred.

e. Wear reasurements were made periodically on the grousers,
centergulides and sprocket engagement windows. The curves plotted from
these data (Incl 1 thru 4) show trends only duc to the limited sampling
and the disparity in data. The measured wcar of the rrouser on the
test shoes was within 1/10 of an inch of the standard shoe after 3000
miles, however, above this mileage divergence is noted.

f. The loss of the test shoes due to bushing failure preclude
conparlson~ over the full 6000 miles of test; however, the wear rates
of the fuse coated shoes up to 5000 miles ind1Cat9 a close rrouping of
the standard shoes and the tape, spray and olurry methods of fuse
coatings, with a preference of the tane method which had the lowcst

wear rate of all on the inboard corner of the front srouser.
S. CONCLUSIONS:

lione, _ .
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STLAP=UT=Y .
Vo e . , . '
5USJZCT:  Timal Letter Report of Product Improvement Test of T130 Fuse

Coated Stecl Track Shoes, TECOM Project Ho. 1-VC-017-130-012,
.T\\'Ep ort NO . /‘sp G"’ “T-‘ 4184
5. RUCOHMMONDATIONS:

sionec,

FOR TiiL COMMANDER:

(Siyned )

4y Incls R. P. WITT
as Assoclate Director
llateriel Testing Directorate

O

G

c
Cindr, TLCOM, ATTN: ANSTE-DB

69

bersrer e e = i e




J

e

e e mear— oy oy

e  p e — v m

SO

[

1. Z;..,‘. ”
: P ! o : ;932? T ~ " i ; i .
C R S o . oL . _ S ) 4 . ;
: . P 1 1 L J epos - ... .odon..| .opoe 1. ccba . 0poT ... b , e
PR e e et 3 s 4 e Y LR TR S TS TEE IEE Se can agie ...Hi&é {v.A.lnlvlcl.nt ——— . MJ”.A. e .‘WA!cIHOA.» .l!.ox..vd PR .af.%’ﬂf.v“ - “.10\'!4 Oo.ﬂ. - ”. - a-a ”I ”.dll .. ‘
R b e : ; el ! , R
. H ' RO . : - . . B S
” boeo. . . PR P .,.m.....--.........
\ ; R D I S I DI I I NN NN B R S
i . . PN .. . PR .. . . ' N .o v..\l . . e e .. .. e
. - . hmhﬂmw .- .u’..f‘!.r\l.a—...l - . P - e e . . . .. . .,“.\. P :......uh . ‘ .. “o. . . PRSP .« . e o ]
et Sy ety INENISOPUNUIINE INPE IRl R (SIS INRYFC SN 00 T T T T
DL LB -t S35} Biesaliond 72alioactll SNNNDEDES SEDEDREY I : P O Y I o
STl ﬁ,_ﬂ I EDEREDAE DD I P e e L e
N .. e . >r~rﬂg.ﬁ|.w. - .H - — ...l..l\am . - o} - . . ¢ - ..Iw. . . . - - .. . M. JRPUUT
LS EERTI RN i Rt EE ST \. EEEEEEERS RESES BRI I S Bl Bt
T IS 1A AT B e e N DU DA SEEEREES EERSE NSRS B e
S SRR TR SRS SRRSO MNERGRER NS B e 00¢* ]
eee oo - - -PARPURAS. QLY ———p—— | e e e : DI SDINEOE FEISURE IDUDERIY EPURUUN SURURENE SRR S
DRI SUEPRES SRR R e A SRR D R ISURREONS IRIRESINGS NASARNNN EREDOIADAR FURENERER FROREDIREY SR
RDESURIREIREERS: SRR N T I IR ey Mthes Sy S ,.N....“u,.ru BEREREE DR =3 IDantai
RERTRIDARIRES IR AR i LG B S U SNl ISR ~Satasitt DR >
oo e T DA RO BEREE SOAGE I Tt RO S Sl S
A s T l | ——- QO —H-——1
—h v we s « o v . v e « e v 0w I L e e B P Y PEPIRRU P S NG R G
TULIDITI I R CEIEN BEBEY PR ROt mitds b = Sl ibosswnt wretes
IO (SRSt il SSS0E DEDEY DEREE POSRE DRREH B Spy © SIS SIS
Fomim emm e IR S Ce et e e e P . H ““ Pl B . mu .. N [, l,%ft .
L - M NI I IR IRERRDRR [NREEIRG IDEMURY - SRR EDEMREME SASEa
D NP SN . . 4 .,...h.u P R R Sk B I . - cems PURPEEUNY SUEI S
Y-- —- o\tt.ﬂr!- DR (DR I S PO N “ s e s se e R e R .- LR Rl S andab
- - H4H IMM- NS D e e —eds . . e s R LRI I SR At i BT - e t- s q L et il IRt R
: L ISP S 005+
.". - P S St beee b vop oy 0 P DR P ¢ ... .- .. ﬁ e . PO DU
v e - ————— .‘1104.4‘... ~ s e e . ‘e “ e-e * . LY .. . - .« . el e . s .0 e p—e—2 . =
IS S SN, B B e O e e Eon oy
[ PN IO SR, ce eianm - e I o .. .o RN S
i - v v - " . . A,.. -
DUV SDERIRRS SRR MRS NI ADEPEDEDE I I . : LTI
R TR Bhiion Sbit?) . N I RN . R A
S Iadibehll Sl . O ITRSEN IR I 009" - - - fr it
! - s - . E I S I ] PR . o 3 . - - . . . . - - . - -+ a
T SpliiTliieg SO N I S m S PR
. . IR SR B RS AR S A, ” I
) PN GEOET=LTO=DA=Y "o [¥03L0a L WAL | ; M G
: RIS IO . SPoys Ypeal peIRo) pznd OETL |- X N
. AR IR IR ﬂwo_umou.;_.ccu paroqul paemaod SRR 3.
: T | -xosnoan 2ol NoPAL 0ET U0 apay  POL" - B
{ . | R R S . R [3Y *...
: L . . [ =] b ..
L e Y 441 § ~ . _ " 5 “
LN . . PO .m... v ,. . ‘ ~¢\ o N ! L P
' [




- | - . e —— gy .-
. . . - 0 - . . . - . . ) J ! T o o
IEEEERE ERRY ERRRY B z T
M . . P, : . e
b ..., ... 0009 : '
SR S ﬁ?. e e
_ DRI EREDEDEE IDERERER R ooxT T
R ISR SR RN SRR S I
| R e Rt B NV DS NSNS RRESe
S SN SO O T DORIE SR & 5 S
\ e e e . PR SR P R DI R DRSNS
; ‘ .o R R +—+ —y—s
[ S ¢ T 1R ;
h ¢ . + ¢
VR SRR SN ISR IRCRERN DI DAV IS B
A, «Am&nmm R et TUTrLE LRSS I
. : :
i DR N DI .11 « — A 8 ..4
aTyuTId PR « 6 e + »
o...‘Ht .-..M,-olle~ e e f e o v e 'wx.w
- - b e e m . e e o o f—o - oo —d HINY
e e e .. \L&D.mm... R DR SR HTv.Yé.I,l.nI
oI 0™ T
CoTrTTrisedert T SRRSO WA 155 ¥l e
B O e R IRV ST »T.m -
w g —- - PJERURIS L AIY DI PERG DR —
S AU WS EDRNE >SN NI .3
IR AR SR SRR T et s Mo
o “ I om e g e
SRS ESS SRR SR o T T
DU s SRt B O £ el IR vabent
AR DD 0 M IO
SN - N RN I
-
R e 1 (RPN 3 /: EPT WD SRS
. : .. . v“ .. - .’-y..m..,.: S ﬁl\ - PSS S
- _—— —— T T W oomi ———
IS SR MR IR IS I
L NN R DR DR R
RN A v e VT
. . . . .. . .ﬂ . PR . . . -0 NP
e I ' L « o
o .. L R SN
REE A OO DO Staw
. H . H . . . . PR . .
S S e T e LT, [T oS PR S
w P . P P . o P . . N ”*
M i . SETO-0ET-LTO=DA-T ‘o 30vloag HOIAL ” . L m ;
SR | seeus dora posuon uad 0RTL | oo g
P ; . S50 80N T PU PUROqLn0 PIRARO ] . . ; oo
LT k90030 DL APEnoay woUg el GETJ, 1D avay . “ LR
i B ' . L L. . ' PR
. e b . R TR S|




e e SR T T e i - e e BTTTET — N I T - . . ‘ . ) - .

LN ot . !
! + ! ' . .,
ot R w T ~~ - v};'.-l.ﬁl' - Y s v g - .
Y . Coe e v e e . PR « s e . . . . N . . . . P . . . e PO
o : SEEE AREEN SEDEE SRR SINSE SIS RS P : SDI U SN S i SRS ROREE RRSe
+ e e - e - - - —— b e s L PO S B S e e S U —— PR
: . w M et Svetten INbabEtR IR £-1-1-1 & 1t IDIDEY INNMEDENES INREPINNS IDDIMNTN [RIMDER IPIRIDIRE IPIIRIRE IEEIRIE IR S K
: . . .. L. .. . . . R .. P . . P . . e e ey PP,
i i
| . PR SR } . . . . . N U P
_ Ll o0as 000§ 1! DpaN D L. 0Q0E ! 000Z Do) G IR DS IO DD R
! ! H 0 : .
- ‘ v _ — ey
P PO SO I TR PR BT ST IR IR . . RN N R A R IR SRR VPO S S
N P - . o . PO S . e e e ... RIS SRR PR . e . PR F P ] [ R PRI . ...Qort.lH:nh -+
V. .. ... o e e U S .. - o e e e e e [SPIIFUUP SPE e e s e R . e gt e e “a e -, R, r»_ﬁ..qJ gt
fa—— . v JEURPUN FEPOIPUPUUNN SIPUY SO - . . ——f—— i
i D IS . O T R T N e S S B e o et e
__ I R B Y IFTT IR R N FEEER B Rt et aked: SPOEENHY TR B "‘wl ..;Imﬁ
N TR - - _-ws B R R SRR DRI « g e et R R B I P e 4 -+t
; DRSNS P11 - { +1 ) AN SEEMNEE DOEDIDIREE IDEMDEN RN N B el R S BEhEn
. . FoVa® o e H .
OYCA&QJ_.ITs_. " .4. - UuUT B md‘.__
e e e e . . . - PV S IO Y B +
Pl erxunads. TR I I DD IS IDADES PO 0% I ISR
e e e e e e o*!. TR S U S e R AR TS SRR SR S JOPE . s . e s e e e o . . %l :
et e e m e e s . PRPORN P T EE R ErEE PUIPURY SN
r DI EETSRRUPR
_, - . B L S o o ST AT
N D S S B RN .|1ﬂ&.l4(‘|4.|.lp\0
# - UGN IS R 4 N
. EDEDERES SUTHEI NN DI S R S-S
1 @ o ! ’ .
" M RGNS B N
w s [UUURD SN, am..l‘v‘ ..6.|J|.1.\70$‘U,T1
boo- - e san R RIEEE NS S+ S ce—s—s e 4 —
e e e - R USROG SRS . .- '.f..”v - S e e
et EOOOt ISl I eled i IS
R SN
s 1 .
Lo [PURNEURDRS SN S IR~ R s f e e
| e e e men e -y e P et
N | O S . R
Voo e e - mv B S
A A
. 08 A o 1
- - * - teewseccFocace- o e i re = I.'z'l..vlﬁ.\ - g
[ R SPUR S T IR E TR EEes e
\ . PO RPN ORI -
- - . . o S - —r 00" - _
- .- s = P - - s 4 — e . P - . - . .. - e—w o e . PO PR T ) ” . . e v e . “ - . . « - & @~ miae§ e e
. X SRR B PN P T T .. .. A [P TN . O TS
. a b e s .. R . . .. [P AR .. N . ' . e .
[ S I SR . . .. . = [N . . .. - . I - .. . . B . O T
. e e —— ‘.||.|||l.mi!ro«vbvl.,9ll!|.-. ey P U - -y e m J S N Rl i et J T I -.-s e o e e e v p——
! . w . . . . . .. e . ' . .
v t 1 ¢ PN . : ' ..
H . . | . . . . . !
DUV [UIIIRUS APy DRSSPI BRIt e St . g B e fuatane et U et SRSEER s Glant e Mo
; . e e s e e H e N . . et i . e e i P
., : . v b tes e 2T0aET=LT0=0AT TOll 103L0ad HODAL . Lo
4 | . . B O - 1 [ C . .. P R
. . B . . T So9Hy kil Do eo) oznd OEfL JO.3599L 0 .. e e mi
2467 AT0000 ' : o ; ! ] spoay QO0UPD U I2TM T ! v m d
: . i \ R H B U -
) . : _ . H Ca . . . b8
. i i f ) [}
- N - Doaa . . _ ‘P - — - - PR | e ae e JRPURT SN U T R N




. DU _ DN ADUNEDIE NI ARNS EDURENIE BRI IDADUPIREY RMDEPEDE IDSDEPEDEN I
e e e e e—tma e e e - . - . [ ummHﬂ O S we e e b . e e e e b s - S B R
el Sesibie . SRS SEREE *12 1 SRRSO DERIE DI BOSEE SI RN SRESE Pt
| . . . J S T N I PO S RN R PR SN .
. : L - B 0gQos - - ogotr - - ..oomm... ©-000% -1 - 0QOT 1ty S DO D
L - . N , .
e e PO . - . « e e ...._ “ e . _. -~} ﬂ..w o 4er s e
. hm&am - M e . ey R EE R S
RSP SRS QUL SR d S it s ' _
< - atNutade - - ﬁ, N Ve e Vgt DTS s T
[T ,_J.rﬂ M z . 4 e . . . M . N dq : 1 dert o b 1 Bt
o e . L. . . . Y N = *..H.+.I7H - .ﬁH - ;.I?.wvﬂlil.
L L e %»Nrﬁﬂﬂw IR & J TR, ¥ — v eee . m . . . HM-“. e - 44 ; e
T ndee A i I BRERE RN T
D e g eme = Q&M.H .. 0 TUrr\Y T T L. w e H Ay i.—l_r.m! Lo
L. ol..w.lv:..u R SRS SR TN e e M . . L . .*. .».w ‘_..s“.f e e
T TTPaepueIs Al .

SFUSO TN U SN TS ) SR e I o o

PO

!

PO PO . CH U (I A

+--+ r

B RN

T LTINS TP ——

RPN

,.,_.‘;..- .-
1T
j
;
4
-
i

: ! to § ' . . i I
- —_ia e — — SN AU W W0 S N T g
. ; NE NN REED : it
: O S U S, c = ...l.. ?!ml |4,|I.IA......‘ ‘ E . e
PR U [N SONROS D p—— -y e
— s bt e e - — —- e e + 4 g - [N YOF SNV S S .
FOUURUONDUIY SUSIEISUOPRIY S R ,_.,.#.H.Li_f ﬁ..htnywl . AR e o e
e e e AT Ao T puaay
F VU UNIU ISP SR - 3 . [SES U NI AP vT..T,r.LI. - 4 - L b e g
gl 1 T RN ; J X
e e e S ISR EERRN BENeN & " e
RV (PP S SR [ R B f..?.hl»_:*l . . - o R
— - 1 i i . — L .
B pusppea LN ) e i ‘.”l?.hih!‘.lwii JSSEIR - p e
[ S SISV INNUUNGE SN M e pee *l [SR Iy R e i
PRSP Tt Tty PP R . v 4t e .T.!»,»..'.V —b o e
. RO DR R | B R B S b b JPOR
e e ——— .-t + T+ R o,
. - . - - 4 e N Pt h‘+ PRETSE NFEPRY e ee
e e e e S . O PR S SRR ey
. . . . RS PO cub s e .
. V- P S ool e b f'
H . —— e o - . SNUONRPOPU N - . .
. [P ORI SO e
- ‘e - . IO et ..‘.” .. R
. P . voe L [T - -
[P, T, T e et R B = e T R
- . - . R B L PR e Ce e [N e e .. . . [N . . .. . . . . .
} PR . . - e e e [N P N RPN P O N
i . . . PN . ' .
a4 A beaie e i [ EPUTS S R A DU P U S N U QU ey ' [P B T e ..I.Ii..m R B R T boemee D Bl R et .lol....!w(? mqldﬂ‘
. iy : lzrc-ee T~ T0r0AT. taN yom¢o;; woodr. | ..ol Bl
AN L. ©poYs pedy pIawo uny OfTL FojAsAL | ol ) g
LT A Toin0e - o — e T R R J,xohr,\:,mapauécyam Clel iy (R S AR5 5 T 4 £ Eo 7T S S S w
L. ' ST . o . P e [ . . P P PR : ' .TM4 .
' . . o , . RS
. \ . ~ . i . . ' .
' . H o | . . . N
- - a e e ek el s N R e = ! PO PO JUUEIURUR SRV NN SUFIRUPRIIIY NP RN SUUSSURY WUV FOPUOUI GH ORI
s ¥ [
.
L] L] '] A




FOR INFORMATION ONLY . ‘
ACTION BY HIGHER AUTHORITY PENDING AD

RDTE PROJECT NO. FSN

TECOM PROJECT NO. 1-WC-017-130-013

TEST SPONSOR ___USATAC

"TEST AGENCY PROJECT NG,

TEST SPONSCR PROJECT NO, _

USACDC AC NO.

YPG REPORT 0145

PRODUCT IMPROVEMENT TEST
OF
T130 FUSE-COATED TRACK SHOES FOR

 M113A1 ARMORED PERSONNEL CARRIER

FIRST AND FINAL LETTER REPORT
BY
RICHARD JORDAN, E2

SCIENTIFIC AND ENGINEERING
JANUARY 1973

, ”

Distribution 1lidited toU.S. G emment:' gencies only: fest ‘evalugtion:
January 1973,/ Other requesty” for t}ié/dium t must e refefred to ommander,
U.S. Army Tank-Automdbtive G6bmmand, N STA-RK¥M, J. W. Schuster, Warren,
Michigan £8091. A Ry , Lene
YUMA PROVING GROUND <7717 #L<//

| 7
" YUMA, ARIZONA - 78"

%

b e o

e et i




Destroy this report when no longer needed, Do not
return it to the originator.

The findings in this report are not to be construed
as an official Department of the Army position unless
so designated by other authorized documents.

The use of trade names in this report does not con-
stitute an official endorsement or approval of the
use of such commercial hardware or software. This
report may not be cited for purpose of advertisement.
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DEPARTMENT OF THE ARMY RJordon/mz/899-2829
Yuma Proving Ground
Yuma, Arizona 85364

STEYP-MTM

SUBJECT: First and Final Letter Report on Product Improvement Test of
T130 Fuse-Coated Track Shoes for M113A1 Armored Personnel
Carrier, TECOM Project No., 1-VC-017-130-013

Commander

U. S. Army Tank-Automotive Command
ATTN: AMSTA-RPT

Warren, Michigan 48090

Dates of Test: 3 May 1972 through 26 October 1972

1. REFERENCES

a. Customer Test Directive, Product Improvement Test of T130 Fuse-
Coated Track Shoes, TECOM Project No. 1-VC-017-130-013, AMSTE-BB, 16 March
1972,

b. Third and Final Letter Report on Product Improvement Test of T130
Fuse-Coated Tuftrided Track Shoes, TECOM Project No. 1-4-7339-75, STFYP-
TAU, 9 June 1969,

2. BACKGROUND

During previous tests, standard production T130 track shoes have
evidenced cracking in the induction hardened areas of the shoes. Fuse-
coated shoes have shown a marked increased in durability, wear life and
freedom of cracks. This test compared the durability of various fuse-
coated track shoes processed by four manufacturers with the present stand-
ard production track shoes.

The T130 Fuse~Coated Track Shoes were installed on two M113Al armored
personnel carriers undergoing comparison testing at Yuma Proving Ground
under TECOM Projects No. 1-VC-010-113-029 and 030, Contract No. DAAEO7-
69-C-2600, . :

Initially a 6,000-mile test with measurement of grouser wear every 500
miles was requested but this proposal was later modified to a 4,000-mile

test, measurement of grouser wear every 2,000 miles, and a visual inspection

for cracks every 500 miles.
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STEYP-MTM

SUBJECT: First and Final Letter Report on Product Improvement Test of
T130 Fuse-Coated Track Shoes for M113A1 Armored Personnel
Carrier, TECOM Project No. 1-V(C-017-130-013

3. OBJECTIVE

To evaluate the durability of T130 fuse—coated.track shoes (4140 steel)
processed by four different methods as compared with production 4140 steel
track shoes.

4, SUMMARY OF METHODS AND RESULTS
a. Receiving Inspection

This inspection was completed upon arrival of the T130 fuse-coated
track shoes to determine if any damage had resulted from shipment and if
proper shipping procedures had been utilized. No evidence of damage due
to shipping was noted. Proper shipping procedures had been utilized.

b. Initial Technical Inspection

Pretest measurement data were taken on the track shoes to enable a
wear rate analysis. In addition to the weight of each shoe, measurements
of sprocket openings (inner and outer), grouser height relative to pad base
(inner, outer, and leading edges), and overall grouser height (inner, outer,
and leading edges) were taken., Measurements were also made on 16 standard
production track shoes for the purpose of a comparison standard. All the
test track shoes were stamped with a code letter and number for identifica-
tion and to aid in wear analysis. The code letters, C, I, N, W, S are
abbreviations for the processing method. They are as follows:

-~ Tape process

- Slurry process

Sprinkle process

- Spray process

-~ Standard comparison track

N_Z -0
i

Results of this inspection and sketches of where measurements were
taken are contained in Inclosure 1.

A total of 64 fuse-coated track shoes and 16 standard comparison
track shoes were installed on the vehicle. Thirty-two fuse-coated and 32
standard track shoes were positioned on each side of the vehicle in the
following sequence:

(1) 8 fuse-coated track shoes¥*

(2) 8 standard comparison track shoes
(3) 8 fuse-coated track shoes*
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STEYP-MTM

SUBJECT: First and Final Letter Report on Product Improvement Test of
T130 Fuse-Coated Track Shoes for M113A1l Armored Personnel
Carrier, TECOM Project No., 1-V(C-~017-130-013

(4) 8 standard track shoes

(5) 8 fuse-coated track shoes*

(6) 8 standard track shoes

(7) 8 fuse-coated track shoes#*

(8) 8 standard track shoes (7 in left track)

*Composed of two shoes from each of the four processing methods.
After assembly all track pins were torqued as specified in the vehicle
technical manual.

¢. Endurance Testing

Testing was conducted in accordance with reference la. The track
shoes completed a total of 4096 test miles (2047 miles accumulated on vehicle
USA Reg No. 12A07272 and 2049 miles accumulated on vehicle USA Reg No.
12A10672). In an effort to normalize variables in vehicle operation, track
shoes throughout the test were kept in the same relative positions on both
vehicles.  Worn or damaged shoes were replaced with track shoes which had
been treated by the same fuse coating process. A detailed listing of events
occurring during endurance test mileage is contained in Inclosure 2.
Incidents noted during the endurance phase of operation are listed in Table
1 R .

TABLE 1. Endurance Phase Resultsyof Fuse-Coated Track Shoes

‘Number of Shoes

: Involved in Accumulated Item No.
Incident Description Incident Test Miles Incl 2
1, Rubber bushing failure 2 2047 2,1.1
2. Rubber bushing failure 1 2608 2,1.2
3. Rubber bushing failure 5 - 2794 2.1.3
4. Rubber bushing failure ) 2929 2.1.3
5. Rubber bushing failure 4 3055 2.1.3
6. Rubber bushing failure 9 3276 2.1.3
7. Rubber bushing failure 2 3463 2.1.3
8. Rubber bushing failure 10 3578 2,1.3
9. Rubber bushing failure 9 3902 2.1.3
10. Rubber bushing failure .5 4096 2.1.3
11, Bent outer wing 2 1539 3.1
(road hazard)
12. Bent outer wing 1 2794 3.2

(road hazard)
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STEYP-MTM

SUBJECT: First and Final Letter Report on Product Improvement Test of .
T130 Fuse-Coated Track Shoes for M113A1l Armored Personnel
Carrier, TECOM Project No. 1-VC~017-130-013

All shortcomings incurred during the endurance phase of the test
were directly attributable to bushing failures. WNo cracked track shoes
were noted. :

d. Final Technical Inspection

This ingpection was conducted at 4096 test miles to determine the
final test condition of the fuse-coated track shoes and to record post-test
measurements.

Results of this inspection are contained in Inclosure 1.
5. DISCUSSION

During previous testing of T130 fuse-coated track shoes conducted at
Yuma Proving Ground (TECOM Project No. 1-4-7330-75) 78 out of 127 fuse~
coated track shoes (approximately 627) failed during 6098 test miles due .
to bushing failure and one shoe was replaced due to cracking. During the .
current test 53 out of 64 fuse-coated track shoes (approximately 837%)
failed due to bushing faillure. No cracked shoes were noted. -

In two separate incidents three fuse-coated track shoes were bent in
the area of the outer wing. The damage was attributable to road hazards
{rocks and boulders) and occurred at 1539 and 2794 test miles.

6. CONCLUSIONS

a., There 1s negigible difference in wear between the four fuse coat-
ing processes.

b. Standard T130 track shoes showed approximately 45 percent less
grouser wear than the fuse-coated track shoes.

¢. Durability of the T130 fuse-coated track shoe Bushing is unsat-
isfactory.
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STEYP-MTM
SUBJECT: First and Final Letter Report on Product Improvement Test of
T130 Fuse-Coated Track Shoes for M113A1 Armored Personnel

Carrier, TECOM Project No. 1-VC~-017-130-013

7. RECOMMENDATION

More effort be expended on improving track shoe bushing life since a
majority of track shoe replacements are due to failed bushings.

FOR THE COMMANDER:

5 Incl ORGE A. CUSTER
1. Initial, Intermediate and Col, Inf
Final Inspections Director of Materiel Test

2. Deficiencies and Shortcomings
3. Wear Rate Analysis »
4., Distribution List
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INITIAL, INTERMEDIATE, AND FINAL INSPECTIONS

Table No.

1
2
3

Inspection At Test Miles
Initial 0
Intermediate 2047

Final 4096, and/or miles

at time of shoe

failure

The accompanying sketches of a track shoe locate where all

shoe measurements were taken.

read as follows:

Sprocket opening
measurement

These measurements should be

B
S

- - =

e b

LEGEND:

% Overall grouser height (inner or outer)

O Overall grouser height (leading)

¥ Grouser height relative to pad base (left or right)
- @ Grouser height relative to pad base (leading)

Incl 1
Page 1 of 7
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TABLE 1. Track Shoe Measurements at Initial Iomspection

Grouser Height Relative to : Track

8hoe Pad Basa Sprocket Opening Overall Grousez Height Shoe

Ko. Inner Quter Leading Innexr Outer Inner Outer leading we (1b)
c1l 112/32 112/32 1 14/32 3 2 31/32 2 11/32 2 11/32 2°12/32 15.61
2 113/32 1 13/32 1 13/32 2.31/32 3 210/32 210/32 2 12/32 15.13
3 112/32 112/32 1 13/32 2 31/32 2 31/32 211/32 2 10/32 2 10/32 15.46
4 113/32 11211/32 1 13/32 2 30/32 2 31/32 211/32 2 10/32 2 11/32 15.98
5 112/32 113/32 1 14/32 2 31/32 2 31/32 2 11/32  210/32 2 10/32 15.35
[ 111732 111/32 1 13/32 2 30/32 2 31/32 211/32 2 11/32 2 10/32 15.33
7 1 14/32 112/32 1 153/32 2 31/32 2 31/32 2 12/32  2.30/32 2 10/32 15.73
8 113/32 111/32 113/32 231/32 3 2 11/32 210/32 2 10/32 15.66
9 111/32 113/32 1 14/32 3 3 2 11732 2 11732 2 10/32 15.22
10 112/32 111/32 1 13/32 2 31/32 2 31/32 210/32 2 11/32 2 11/32 15.42
11 111732 112/32 1 14/32 2.31/32 2 31/32 211732 2 11/32 2 i2/32 15.36
12 112/32  112/32 1 14/32 3 2 31/32 210732 211/32 2 10/32 15.86
13 113/32 113/32 1 14/32 2 31/32 2 31/32 2 11/32 2 11/3z 2 12/32 15.93
14 112/32 112/32 1 13/32 2 31/32 2 31/32 2 10/32  211/32 2 10/32 15.33
15 112732 112/32° 1 13/32 3 2 31/32 2 9/32  210/32 2 190/32 15.00
Cl6 113/32 112/32 113/32 2 31/32 2 31/22 2.10/32 2 10/32 2 10/32 i5.11
11 113/32 113/32 1 14/32 3 2 31/32 2 11/32 2 11/32 2 12/32 15.30
2 113/32 113/32 1 14/32 3 2 30/32 2 11/32 2 12/32 2 12/32 15.85

3 112/32  114/32 1 14/32 3 3 2.10/32 2 12/32 2 11/32 15.91
4 113/32 113/32 1 14/32 3 3 2 11/32  211/32 2 11/32 15.69
5 1 14/32 114732 1 14/32 3 2 31732 2 11/32 2 11/32 2 12/32 15.81
[} 113/32  113/32 1 14/32 3 2 31/32 2 11/32  212/32 2 11/32 16.25

7 113/32  113/32 1 14/32 3 2 31/32 2 10/32  211/32 211732 15.39
8 113/32 113/32 1 14/32 3 3 210/32  212/32 2 12/32 15.82
9 113/32  113/32 1 14/32 3 3 212/32 2 11/32 2 11/32 15.81
10 1 14/32  115/32 1 14/32 231/32 2 31/32 211/32  212/32 2 11/32 15,45
11 113/32 113/32 1 14/32 2 30/32 2 31/32 2 11/32 2 11732 2 11/32 15.99
12 112/32 122/32 114/32 231732 3 1/32 210/32 210/32 2 10/32 15.46
13 116/32 114/32 1 15/32 3 3 2 13/3z  211/32 2 11/52 15.76
14 114/32 113732 1 14/32 2 31/32 3 2 10/32 2 12/32 2 10/32 15.21
15 113/32 1 12/32 1 14/32 2 31/32 2 30/32 210/32 2 10/32 2 10/32 15.44
116 113/32 1 14/32 1 14/32 2 30/32 2 31/32 (2 14732 2 12f32 2 12/32 15.42
N1 113/32 1132/32 1 14/32 3 3 211732 211/32 2 13432 16.35
2 112/32 113/32 1 14/32 3 3 2 10/32 2 1232 2 13/32 15.85
3 113/32 113732 1 14732 3 3 211732 210/32 2131732 15.94

4 112732 112/32 1 14/32 2.30/32 3 2 9/32 2 13/32 2 12/32 15.84
5 113/32 1 12/32 1 14/32 3 3 212/32  212/32 2 12/32 16.05
6 112/32 112732 1 14/32 3 3 2 10/32 2 10/32 2 12/32 15.65

7 112/32 1 13/32 1 14/32 3 3 2 16/32 2 13/32 2 11732 15.85
8 112/32 1 12/32 1 14/32 3 2 31/32 2.12/32 2 10/32 2 12/32 16.03
9 112/32 113/32 1 14/32 231/32 3 211/32 2 11/32 2 11/32 15.862
10 113/32 113732 1 14/32 3 3 212/32 212732 2 13/32 16.13
11 112/32 112/32 1 14/32 3 3 2 11732 2 11/32 2 10/32 16.11
12 112/32  112/32 1 13/32 2 31/32 3 2 10/32 2 11/32 2 12/32 15.47
13 112/32 112/32 1 13/32 2 31/32 2 31/32 212/32 210/32 213732 16.36
14 113/32  113/32 112/32 2 31/32 2 31/32 2 10/32 2 11/32 2 11/32 15.80
15 112/32  113/32 113732 2 31/32 2 31/32 211/32 2 11/52 2 12/32 16.18
N16 112/32 112/32 1 13/32 3 3 210/32 211/32 2 10/32 15.76
w1l 113/32 115/32 1 13/32 229/32 2 28/32 212/32  212/32 212/32. 16.42
2 113/32 113/32 11432 231732 2 30732 210/32 211732 2 12/32 15.82
3 113/32 110/32 1 14/32 2 30/32 2 29/32 211/32 2 /32 7 14132 16.51
& 112/32 113732 1 14/32 3 3 2 9/32  212/32 21332 15.97
5 113/32 1 12/32 1 14/32 3 2 31/32 2.10/32 2 11/32 2 13732 16.37
6 112732 1 22/32 1 14732 3 2 31/32 2.10/32 2 12/32 2 14f32 15.67
7 111/32 1 13/32 1 14/32 3 2 31/32 2 11/32 2 11732 2 1a/32 15.94
8 113/32 1 12/32 1 15/32 2 30/32 2 30/32 220/32  212/32 212732 15.70
9 113/32 113/32 1 1432 2 31/32 2 30/3: 2 13/32 2 11/32 2 14/32 15.85
10 113/32  113/32 1 15/32 2 30/32 2 30/32 2.13/3z2 2 11/3: 2 13/32 16.16
11 113/32  113/32 1 14/32 2 31/32 2 31/32 212/32  212/32 213732 16.00
12 112/32 1 13/32 1 15/32 2 31/32 2 30/32 2 11/32 2 11/32 2 13/32 15.38
13 113/32  113/32 1 14/32 2 28/32 2 31732 212/32 211732 2 14/32 15.62
14 114/32 112/32 11%/32 2.29/32 2 30/32 2 11/32  210/32 2 12/32 16.16
15 113/32 113/32 1 13/32 2 29/32 2 31732 213/32 2 13/32 2 14/32 16.15
w16 113/32 112/32 115/32 2 31/32 2 31/32 2.13/32  212/32 2 1&/32 15.76

Inel 1 82
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TABLE 1. Track Shoe Measurements at Initial Imspection (Concluded)
Grouser Height Relative to . Track
Shoe Pad Base Sprocket Opening Overall Grouser Height Shoe
No. Inner Outer Leading Inner Outer . Inner Outer Leading Wt (1b)
S1 110/32 111/32 1 13/32 3 3 2 9/32 2 /32 211/32 16.18
2 1 11/32 1 12/32 1 13/32 3 3 2 8/32 2 7/32 2 9/32 15.70
3 110/32 1 11/32 1 13/32 3 3 2 9/32 2 9/32 2 9/32 16.11
4 110/32 110/32 1 13/32 3 3 2 9/32 2 9/32 21i/32 16.35
5 110/32 1 11/32 1 13/32 3 3 2 9/32 2 9/32 212/32 16.69
3 110/32 1 10/32 1 13/32 3 3 2 9/32 2 9/32 210/32 16.35
7 110/32 1 10/32 1 14/32 3 3 210/32 2 9/32 211/32 16.55
8 111/32 110/32 1 13/32 3 3 210/32 2 9/32 211/32 16.46
9 111/32 1 11/32 1 12/32 3 3 2 10/32 210/32 2 11/32 16.47
10 110/32 1 10/32 1 14/32 3 3 2 9/32 2 9/32 2 10/32 16.54
11 111/32 110/32 1 13/32 3 3 2 9/32 210/32 2 11/32 16.40
12 110/32 1 9/32 1 14/32 3 3 2 9/320 2 9/32 211/32 16.84
13 111/32 110/32 1 12/32 3 3 2 9/32 2 9/32 210/32 16.40
14 1 10/32 111/32 1 14/32 2 31/32 3 2 8f32 210/32 2 10/32 16.34
15 110/32 1 10/32 1 15/32 3 1/32 3 1/32 210/32 2 9/32 2 12/32 16.17
S16 111/32 1 9/32 1 12/32 3 3 2 9/32 210/32 2 10/32 16.41
83
Incl 1
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TABLE 2.

Track Shoe Measurements at Intermediate Inspection
(2047 Test Miles)

Grouser Height Relative to Track
Shoe Pad Bage Sprocket Opening Overall Grouser Beight Shoe
_No. Inner Outer Leading Inoer Outer Taner Cuter Leading We (1b)
c1l 1 1/32 1 4/32 1 5/32 3 1/32 3 130/32 2 2/32 2 6/32 15.17
; 1 3/32 1 3/32 1 1/32 3 3 1/32 2 1732 2 1/32 2 15.02
l; 1 3/32 1 2/32 1 5/32 3 3 1/32 2 2/32 2 2/32 2 3/32 14.97
?A* 110/32 1 9/32 1 14/32 2 31/32 2 31/32 2 11/32 2 10732 2 12/32 16.05
8a* 113/32  112/32 1 13/32 231/32 3 2 10/32 2 10/32 2 11/32 15.78
9 1 1/32 1 5/32 1 4/32 3 3 1/32 2 1/32 2 3/32 2 3732 14.84
i(]). 1 1/32 1 4/32 1 5/32 3 3 2 2 3/32 2 4732 14.99
ﬁ 1 4/32 1 6/32 1 3/32 3 3 1/32 1 31/32 2 4/32 2 3/32 15.50
ig 1 1/32 1t &/32 1 1/32 3 1/32 3 2 2 3/32 2 332 14.60
;:Zli 1 2.32 1 2/32 1 6/32 3 1/32 3 131/32  131/32 2 3/32 14.88
:23 1 4/32 1 5/32 1 5/32 3 1/32 3 2 2/32 2 4f32 2 3/32 15.50
l; 1 4732 1 4/32 1 6/32 3 3 2 2/3z 2 432 2 3/32 15.40
g 1 4/32 1 4732 )} 6/32 3 3 2 2732 2 2/3z2 2 A3 15.04
g 1 2/32 1 6/32 1 6/32 3 3 1/32 2 132 2 &f32 2 4432 15.42
ig 1 2/32 1 5/32 1 5/32 3 3 1/32 2 1/32 2 3732 2z 4/%2 15.53
ig 1 3/32 1 6/32 1 6/32 3 3 1/32 2 1/32 2 4/32 2 4/32 15.32
ils‘ i 2/32 1 5/32 1 7/32 3 3 131732 2 2/3z 2 &]32 15.03
:}[lli 1 5/32 1 3/32 1 4/32 3 1/32 3 2 4/32 2 3/32 2 3/32 15.681
g** 1 4/32 1 3/32 1 5/32 3 1/32 3 1/32 2 2/32 2 3/32 2 2/32 15.53
4ihk 1 2/32 1 3/32 1 5/3z 3 3 2 2732 2 2/32 2 3/32 15.42
5 1 4/32 1 4732 1 4/32 3 1/32 3 2 2/32 2 3/32 2 2/32 15.70
g i 3/32 1 2/32 1 5/32 3 1/32 3 2 2/32 2 2/32 2 2)32 15.46
3 102/32 1 ' 5/32 1 5/32 3 3 1/32 2 1/32 2 4/32 2 3/32 15.30
ig 1 2/32 1 5/32 1 5/32 3 3 1/32 2 2 4f32 2 4/32 15.80
ig 1 2/32 1 4/3z2 1 5/32 3 3 2 1/32 2 4/32 2 5/32 15.95
ig 1 2/32 1 5/32 1 5/32 3 3 1/32 2 1/32 2 &/32 2 4/32 15.82
3116. 1 5/32 1 4/32 1 5/32 2 31/32 2 31/32 2 4&f32 2 3/32 2 2/32 15.86
§ 1 4/32 1 4/32 1 6/32 2 31/32 2 31/32 2 4132 2 &)32 2 4732 16.07
‘.‘: 1 5/32 1 4/32 1 5/32 3 2 31/32 2 3/32 2 4/32 2 4/32 15.93
f,: 1 3/32 1 2/32 1 6/32 3 1/32 3 2 2/32 2 1/32 2 3/32 15.50
g 1 2/32 1 6/32 1 6/32 3 3 2 1/3z oz 4732 2 432 15.48
ig 1 3/32 L 6/32 1 6/32 3 3 2 1/32 2 5/32 2 4/32 15.52
g 1 3/32 1 8/32 1 /32 231/32 3 2 1/32 2 3/32 2 3/3:2 15.21
‘EE 1 2/32 1 86/32 1 6/32 3 3 2 1/32 2 4732 2 5/32 15.67
*C7, C8 damaged and measured at 1538.6 test miles
*H3A 113/32  112/32 1 14/32 3 3 210/32 210/32 211/32 15.85
Replacement for N3.
*RALA 113/32 112/32 1 13/32 3 3 2 10/32 21C/32 2 12/32 15.50
Replacement for N&.
Incl 83{.
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TABLE 2. Track Shoe Méasurements at Intermediate Inspection (Concluded)
Grouser Height Rilative to Track
Shoe Pad Base Sprocket Opening Overall Grouser Height Shoe
_No. Inner Outer Leading Inner Outer Inner Outer Leading We (1b)
s1 1 5/32 1 6/32 1 8/32 3 3 1/32 2 5/32 6/32 2 4/32 15.94
g 1 5/32 1 4/32 1 8/32 3 ’ 3 2 5/32 5/32 2 4/32 15.85
g 1 5/32 1 6/32 1 17/32 3 ' 3 2 4/32 5/32 2 5/32 16.39
g 1 5/32 1 6/32 1 8/32 3 3 2 5/32 5/32 2 5/32 16.20
g 1 5/32 1 7/32 1 6/32 3 3 2 3/32 2 5/32 2 6/32 16.20
ig 1 4/32 1 6/32 1 8/32 3 3 2 3/32. 6/32 2 6/32 16.16
ig 1 5/?2 1 7/32 1 6/32 3 3 2 3/32 2 5/3i 2 4/32 16.14
sis 1 4/32 1 8/32 1 8/32 3 1/32 3 1/32 2 2/32 2 &/32 2 6/32 15.75
85
Incl 1
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TABLE 3. Track Shoe Measurements at Final Inspection
Grouser Height Relative to Track
Shoe Pad Bage Sprocket Opening Overall Grouser Height Shoe
No. Inner Outer  Leading Inner Outer Inner Outer  Leading Wt (1b) Remarks*
c1l 29/32 31/32 1 1/32 3 1/32 3 1/32 1-28/32 1 30/32 2 2/32 14.78 FB2, FB3 3902
2 31/32 31/32 1 4/32 3 1/32 3 2/32 127/32 2 2/32 2 1/32 14,60 Bent outer wing 2794
3 1 1/32 1 1/32 1 2/32 3 1/32 3 4/32 131/32 2 1/32 2 2/32 14.90 FB2 2929
4 1 1/32 1 1 3/32 3 2/32 3 3/32 127/32 1 28/32 1 31/32 15,30 FB2 3578
5 1 2/32 1 1/32 1 5/32 3 1/32 3 2/32 2 131/32 2 2/32 14,83 - FB3 2794
6 1 1/32 1 3/32 1 5/32 3 3 2/32 130/32 1 29/32 2 3/32 14,75 ¥B2 2794
7 BENT TRACK SHOES NO MEASUREMENTS TAKEN
8 BENT TRACK SHOES NO MEASUREMENTS TAKEN
9 28/32 1 1 2/32 3 2/32 3 1/32 129/32 130/32 2 2/32 14,56 4096 FB2
10 31/32 1 2/32 1 4/32 3 1/32 3 1/32 131/32 2 4/32 2 2/32 14.90 FB2 3055
11 31/32 31/32 1 2/32 3 1/32 3 2/32 1 28/32 1 30/32 2 1/32 14.63 4096
12 1 1 2/32 1 5/32 3 3 130/32 2 1 31/32 14.70 FB2 2794
13 31/32 1 2/32 Y 3/32 3 3 1/32 1 27/32 1 30/32 1 31/32 15.28 FB2 3578
14 1 1/32 1 4/32 1 4/32 3 1/32 3 130/32 2 2/32 2 2/32 14.77 FB2 2796
15 31/32 1 2/32 1 3/32 3 2/32 3 1/32 126/32 129/32 2 1/32 14.42 FB2 3578
c16 1 2/32 1 4/32 1 4/32 3 1/32 3 1/32 131/32 2 2/32 2 2/32 14.57 FB2 2794
11 29/32 31/32 1 7/32 3 2/32 3 1/32 130/32 2 2 2/32 14.75 FB2 2929
2 31/32 1 2/32 1 5/32 3 2/32 3 130/32 2 1/32 2 3/32 15.23 ¥B2 3276
3 1 1/32 1 3/32 1 4/32 3 1/32 3 2 2 2/32 2 2/32 15.39 FB2 2929
4 28/32 1 1/32 1 4/32 3 2/32 3 1/32 129/32 129/32 2 1/32 15.00 ¥B2 & FB3 3578
5 31/32 1 1/32 1 3/32 3 3 1/32 1 28/32 1 28/32 1 30/32 14,97 4096
6 1 2/32 1 1/32 1 3/32 3 3 129/32 1 30/32 1 31/32 15,60 FB3 3578
7 1 1/32 1 1/32 1 5/32 3 1/32 3 2/32 2 2 2 3/32 14,81 FB2 3276
8 1 1/32 1 1/32 1 4732 3 1/32 3 129/32 130/32 2 1/32 15.42 FB2 & FB3 3578
9 30/32 1 2/32 1 1/32 3 1/32 3 2/32 129/32 2 2 2/32 15,12 4096
10 30/32 1 1/32 1 2/32 3 3 127/32 131/32 2 2/32 14.78 4096
11 31/32 1 3/32 1 4/32 3 1/32 3 2/32 131/32 2 2/32 2 6/32 15,43 FB2 3055
12 1 1 4/32 1 3/32 3 2/32 3 2/32 131/32 2 2/32 2 3/32 14.88 FB2 3276
13 1 1 5/32 1 5/32 3 3 1/32 2 2 4/32 2 3/32 15.25 FB2 3055
14 1 1/32 1 3/32 1 3/32 3 3 127/32 131/32 2 14.66 FB2 3578
15 30/32 31/32 1 3/32 3 1/32 3 2/32 129/32 130/32 2 2/32 14.74 FB2 4096
I16 30/32 1 1/32 1 2/32 3 3 1/32 128/32 1 31/32 2 2/32 14.68 FB2 3902
N1 1 1 3/32 1 4/32 3 1/32 3 2 2/32 2 2/32 2 2/32 15.79 FB2 2929
2 31/32 30/32 1 1/32 3 2/32 3 1/32 129/32 130/32 2 1/32 15.20 4096
3 1 4/32 1 3/32 1 5/32 3 1/32 3 1/32 2 2/32 2 3/32 2 2/32 15.53 FB2 2047
4 1 2/32 1 3/32 1 5/32 3 3 2 2/32 2 2/32 2 3/32 15,42 FB2 2047
5 31/32 31/32 1 1/32 3 2/32 3 1/32 130/32 130/32 2 2/32 15.39 FB2 3902
6 1 1 1 4/32 3 2/32 3 2/32 2 2 2 4/32 15.17 FB2 3276
7 30/32 30/32 1 1/32 3 2/32 3 2/32 129/32 129/32 2 2/32 15.20 FB3 3902
8 1 1 4/32 1 3 2/32 3 2/32 2 1/32 2 1/32 2 3/32 15.45 FB2 & ¥B3 3276
9 31/32 1 3/32 1 3/32 3 1/32 3 1/32 126/32 1 30/32 1 31/32 15.05 FB3 3578
10 31/32 1 3/32 1 13/32 3 1/32 3 1/32 130/32 2 2/32 2 2/32 15.63 FB3 3276
11 1 1 4/32 1 3/32 3 3 1/32 129/32 2 3/32 2 2/32 15.64 FB2 3463
12 29/32 1 1 2/32 3 3 1/32 128/32 1 31/32 2 2/32 14.80 FB2 4096
13 29/32 31/32 1 2/32 3 3 1/32 130/32 2 2 1/32 15.72 FB3 4096
14 1 1 4/32 1 3/32 3 3 1 27/32 1 31/32 2 15,20 FB3 3463
15 29/32 31/32 1 2/32 3 3 1/32 128/32 131/32 2 2/32 15.54 4096
N16 29/32 31732 1 3 1/32 3 1/32 128/32 1 31/32 2 1/32 15.10 FB2 3902
Wi 1 2/32 1 1 3/32 3 2 31/32 2 129/32 2 15.63 FBY 3578
2 30/32 30/32 1 3/32 3 1/32 3 1/32 2 130/32 2 3/32 15.12 4096
3 1 2/32 1 4/32 1 1/32 2 31/32 2 30/32 2 2/32 2 2/32 2 4/32 15.96 FB3 2608
4 30/32 1 1 1/32 3 1/32 3 1/32 1 30/32 130/32 2 2/32 15.22 FB2 4096
5 1 1/32 1 2/32 1 3/32 3 1/32 3 1/32 2 1/32 2 2/32 2 4/32 15,80 FB3 3276
6 1 1 3/32 1 3/32 2 31/32 2 31/32 2 2 2/32 2 2/32 15.14 FB2 2929
7 1 1/32 1 1/32 1 2/32 3 1/32 3 2 2/32 2 2/32_ 1 30/32 15,42 FB3 2929
8 31/32 31/32 1 3/32 3 2/32 3 1/32 1 30/32 1 31/32 2 1/32 14,91 - FB2 3902
9 29/32 1 2/32 1 3/32 3 3 1/32 129/32 2 1/32 2 3/32 15.14 FB2 FB3 3902
10 31732 1 1732 1 3/32 3 3 130/32 2 1/32 2 2/32 15.44 FB3 3578
11 1 1 4/32 1 5/32 3 1/32 3 2 2 3/32 2 4/32 15.37 FB2 3276
12 28/32 1 3/32 1 432 3 3 130/32 2 2 3/32 14.89 4096
13 1 1/32 1 4/32 1 3/32 3 1/32 3 1/32 131/32 2 2/32 2 3/32 15.00 FB2 3276
14 31/32 1 3/32 1 4/32 2 31/32 3 2 1/32 2 4732 2 4/32 15.63 FB2 3055
15 29/32 1 2/32 1 2/32 3 3 1/32 129/32 2 1/32 2 3/32 15,36 FB3 3902
w1l 25/32 1 1732 1 3/32 3 1/32 3 1/32 128/32 2 1/32 2 2/32 15,04 FB2 3902
#Cauge of fallure and accumulated test miles at

Incl 1
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Shoe Measurements at Final Inspection (Concluded)

TABLE 3. Track
Grouser Height Relative to Track
Shoe Pad Base Sprocket Opening Overall Grouser Height Shoe o
No. Inner Quter Leading Innerx Outer Inner Outer lLeading Wt (31b) Remarks®
S1 1 1 2/32 1 5/32 3 1/32 3 1/32 2 2 432 2 4/32 15.68 FB2 4096
2 1 2/32 1 4/32 1 6/32 3 1/32 3 1/32 2 1/32 2 3/32 2 6/32 15.25 4096
3 1 1/32 1 : 1 6/32 3 1/32 3 1/32 2 2 2 6/32 15.57 FB2 4096
4 1 6/32 1 6/32 1 6/32 3 3 ! 2 3/32 2 1/32 2 7/32 15.98 FB2 2794
5 1 2/32 1 3/32 1 5/32 3 1/32 3 2 2/32 2 3/32 2 6/32 16.20 4096
6 1 1/32 3 4/32 1 5/32 3 3 1/32 2 1/32 2 4/32 2 5/32 15.99 4096
7 1 2/32 1 3/32 1 6/32 3 1/32 3 1/32 2 2/32 2 4f32 2 5/32 16.00 ¥B2 3902
8 1 3/32 1 3/32 1 $5/32 3 1/32 3 1/32 2 3/32 2 3/32 2 5/32 16.02 4096
9 1 6/32 1 8/32 1 2/32 3 1/32 3 1/32 2 5/32 2 5/32 2 3/32 16.01 ¥B3 2608
10 1 1/32 1 4/32 1 7/32 3 3 2 1/32 2 2/32 2 6/32 16.03 4096
11 1 2/32 1 4/32 1 5/32 3 3 1/32 2 2 4732 2 4/32 15.94 4096
12 1 1/32 1 5/32 1 4/32 3 3 1/32 2 2 2/32 2 5/32 16,36 4096
13 1 1/32 1 4/32 1 4/32 3 3 1/32 2 2 4/32 2 4/32 15.94 4096
14 1 2/32 1 5/32 1 6/32 3 3 2 2/32 2 4]32 2 6/32 15.95 4096
15 1 1 3/32 1 7/32 3 2/32 3 2/32 2 2 432 2 6/32 15.76 FB2 4096
s 16 1 1/32 1 4732 1 4/32 3 1/32 3 1/32 2 2 5/32 2 5/32 15.92 FB2 3902

*Cause of failure and accumulated test miles at time of failure; FB2 or FB3 denotes failure of the bushings
on the leading edge of trailing edge of the shoe, respectively.

_Incl 1
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TABLE 1. Track Shoe Wear at Intermediate Inspection

Grouser Height Wear

Sprocket

Ovetall Grouser

Inner Outer

ro Gl )

Test
Miles

‘Leading Completed

: ~ Relative Opening Wear
Shoe to Pad Base (in,) (in.)
Number Inner Outer Leading Inner Outer
c1l 344 .250 .281 .031 .031
2
3 .281 .281 .375 .031  .063
4
5 .281 344 .281 .031 .063
6
7 e BENT SHOES.
8 .
9 .313 .250 .313 0 .031
10
11 .313 .250 .281 .031 .031
12
13 281,219  .344 .031  .063
14
15 .344 .188 .375 .031 031
Clé
Avg .309 .253 .321 . .028 043
I1 .34 .34 .250  .031 .03l
2
3 .250 281,281 .031 0
4
5 .313 .313 «250 0 .031
6 .
7 .281 .281 .250 0 .031
8 ,
9 .344 .219 .250 0 .031
10
11 344 .250 .281 .063 .063
12
13 406 .250 .281 0 .031
14
15 .344 .219 .219 .031 .063
116
Avg .328 .268 .259 .040 .034
N1 .250 .281 .313 .031 0
2
3 .281  ,313 .281 031 .031
4
5 .281  .250 .313 .031 0
6
N7 .281 344 .281 031 0
Incl 3
Page 1 of 5 92

.375
.313

.281

.313
344
.375
.281
.325
<375
250
.281
«250
<344
.313
375
344
.315
.219
.281
.313

.250

.281

.281

.250

NO MEASUREMENTS TAKEN

.250

.250
.219
.219
.250
.375
.250
.219
.281
.219
,250
.313
.250
.268
.250
.219
.281

.344

.188
.313
.219
.219
.250
.281
.219
.240
.281
.250
.281
.250
.219
.219
.219
.188
.237
313
.281
.313

.281

2047
2047

2047

2047
2047
2047
2047

2047

2047

2047
2047
2047
2047
2047
2047
2047
204f
2047
2047

2047

- 2047




TABLE 1. Track Shoe Wear at Intermediate Inspection (Cencluded)

Grouser Heifh't Wear Sprocket

Relative Openimg Wear Ove ta¥#rots or Test

Shoe to Pad Base (in.) (in.) “Hédipnt Wear (dH@Me Miles
Number Inner Outer Leading Inner Outer Inner Outer Leading Completed

N 8 |

9 .313 +250 281 .031 .031 .313 .219 .250 2047

ig .313 .219 .281 0 031 344 .219 188 2047

ig .313 .250 .250 .031  .031 344 .188 . 250 2047

ig .313 .250 +250 .031 .063 .313 .215 .250 2047

ﬂiz .293 .268  .281 .028 .025 .296  ,243 L2653 2047

Wi .250 344 .250 .063 094 .250 281 ,313 2047

; .281 .188 .250 031 063 . 219 094 W313 2047

g .250 . 250 281 0 0 .219 .219 .281 2047

g .250  .281  .250 031 .031  .281 .313  .344 2047

S .344 .219 ,250 .031 .063 344 . 219 .313 2047

ig .313 .219 .250 .031  .031 344 .219 .281 2047

ig .313 .219 .250 094 ,031 WS4 250 o344 2047

12 .344 .219 .219 .064 .031 .375 .281 .281 2047

iig .293 . 243 .250 046 .043 0296 . 234 .308 2047

S1 .156 .156 .156 0 .031 .125 .031 .219 2047

g .156 .219 .156 0 0 125 LA25 .156 2047

S a5 .56 .is8 0 0 .156  .125  .219 2047

? 156 .125 .1.88 0 0 2156 .125 .183 2047

g .188  .125 .188 0 0 .219 156 <156 2047

ig .219 .125 156 0 0 .188 125 .156 2047

ig .188 .094 .188 0 0 .188 125 .188 2047

ig .188 .063 .219 0 0 »250 .156 .188 2047

iiz 171 .134 .181 0 .003 175 121 .184 2047

NOTE::' Only odd-numbered shoes were measured.
Indi? ¥ ~Page 2 of 5 o3



TABLE 2. Track Shoe Wear at Final inspection

Grouser Helght Sprocket
Relative Opening Overall Test
Shoe to Pad Base (in.) (in.) Grouser Height (in.) Miles
Number Inner Outer Leading Inner Outer Inner Outer Leading Completed
Cc1 469 406 406 031 .063 469 406 .313 3902

2 .438 438 .281 .063 .063 .469 .250 344 2794

3 344 344 344 .063 »156 375  .281  .250 2929

4 .375 344,313 125 .125 .500 438 .375 3578

5 .313 375  .281 .063 094 344 344 .250 2794

6 .313 .281 .250 .063 094 406 438 .219 2794

7 - - - - - - - - -

8 - - - - - - - - -
.9 469 406 375 .063 031 438  .406 .250 4096
10 406,281,281 .063 063 3464 219 .281 3055
11 375 .406 .375 063  .094 469 406 <344 4096
12 375 .313 .281 0 .031-  .375 344 344 2794
13 438 «344 344 .031 063 .500  .406 406 3578
14 344 .256 .281 .063 031,375 281 .250 2794
15 406  .313 <313 .063 063 469 406  .281 3573

Cli6 .344 250 ,281 .063 .063 344 .250  .250 2794
Avg .387 .340 .315 .057 .073 419 +348 .296 3255
I1 .500  .438 .219 .063 .063 406 344 .313 2929

2 438 344 .281 .063 .063 406 L3440 281 3276

3 <344 .344 313 .031 0 .313 »313 .281 2929

4 .531 .375 313 ,063 .031 .438  .438 .313 3578

5 .469 406 344 0 063 .469 469 438 4096

6 344 375 344 0 .031 .438 438 .375 3578

7 .375 375  .281 031 .094  .313 344 .250 3276

8 .375 375  .313 031 0 406 438 .344 3578

9 469 344 406 .031 .063  .469 344 .281 4096
10 .500 .438  .375 .031 031,500 .406 .281 4096
11 .438 .313 .313 094 .094 375,281 .156 3055
12 375 .463 344 .094 .031 344,250 .219 3276
13 .500 .281 ,313 0 031  .406 .219 .250 3055
14 406 .313 .344 .031 0 469 406 .313 3578
15 .438 +438 .313 063  .094 438  .406 313 4096

116 469 406 375 .063 .063 .563 406 .313 3902
Avg 435  .382 .375 042 046 421 .365 .294 3505
N1 .406 .281 .313 .031 0 281 .281  .344 2929

2 406 469 406 .063 .031 .406 .438  .375 4096

3 .281 .313 .281 ,031 .031 .281 .219 .281 2047

4 .313 .281 ,281 063 0 .219 .281  .281 2047

5 .438 406 406 .063 031  .438 438 .313 3902

6 .375 375  .313 063  .063 .313 .313 .250 3276

7 .438 469 406 .063 .063 406 .500  .281 3902

N 8 .375 .250 438 .063 094 344 .281  .281 3276
Incl 3
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TABLE 2. Track Shce Wear at Final Inspection (Concluded)

Grouser Helght Sprocket

Relative Opening Overall Test

Shoe to Pad Base (in.) {in.) Grouser Keight {imn,) Miies
Number Inner Outer Leading Inner ter Inner Outer Jleading Completed

N9 . 406 313 « 344 .063 031 .531 406 .375 3578

10 .438 313 344 .031 ,031 438 .313 2344 3276

11 .375 .250 344 0 031 438 250 +250 3463

12 L4869 .375 »344 031 .031 438 375 . 315 4096

13 469 406 344 031 063 438 .313 .375 4096

14 406 .281 .281 2031 031 4 6% 375 344 3463

15 469 438 L3424 031 L0583 468 375 L5213 4096

N1lé6 . 469 406 406 O35 031 Ay 375 L8 3902

Avg .408 .351 . 349 042 039 <398 <345 .312 3465

W1l .344 469 .313 094 084 . 375 469 375 3578

2 469 <469 344 063 054 L3153 406 281 4096

3 . 344 .188 406 L0531 NIES 281 156 L3413 2608

4 438 .406 406 031 L0351 344G AT 364 4096

5 375 313 344 031 063 281 W25k 281 5276

6 .375 .281 344 031 0 .313 <313 375 2929

7 .313 <313 .375 031 (31 281 . 281 500 2925

8 .438 406 375 125 084 .375 406 344 3902

9 .500 <344 L3464 031 062 . 500 .313 364 3902

10 438 375 2375 .063 .C63 G665 313 344 3578

il 406 .281 .281 094 L0351 375 L2381 281 3276

12 .500 .313 344 ,031 063 L4086 «3h4 .313 4096

13 .375 . 281 344 .156 063 406 281 NCT A 3276

14 469 .281 344 063 .063 .312 L1868 .250 3055

15 .500 344 344 094 063 . 500 2375 L3464 3902

Wileé .625 344 .375 063 .063 531 <544 W375 3902

Avg 431 .337 .353 .064 .058 .378 .324 .337 3525

s 1 .313 .281 .250 031 031 .281 094 219 4096

2 .281 .250 .219 .031 031 <219 125 .0%4 4096

3 281 «3b4 .219 L0351 L0335 281 281 LG94 4096

4 .125 .125 ,219 0 O .188 L 250 £1.25 2754

5 . 250 .250 .250 .031 0 .2i¢ 188 268 4096

6 .281 .188 «250 0 L0354 L 250 156 .156 4096

7 .250 .219 .250 031 031 . 250 . 156 188 3902

8 L 250 .219 . 250 031 L0531 W 215 L1866 . 183 4096

9 .156 .094 313 L031 NIE¥ 156 154 5 250 2608

10 .281 .188 .219 0 0 25 219 .125 4096

11 .281 .188 .250 0 L0231 .281 .188 .219 4096

12 .281 .125 .313 0 031 .28 .219 ,188 4095

13 .313 .188 .250 0 .031 W 281 L1568 .188 4096

14 313 .250 .188 0 0 .188 .188 .125 4096

15 .313 .219 .250 031 .031 2313 L1358 . 188 4096

S16 .313 .156 .250 .031 031 .28% .156 156 3902

Avg . 267 . 205 .248 017 .023 , 245 ,17¢ 167 3897

Incl 3 99
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TABLE 3. Wear Rate Analysis of Track Shoes (inches xi0-4)

mile
Grouser Height
Shoe Relative Sprocket Overall
Code to Pad Base Opening Grousey Height
letter Inner Outer Leading Inner Outer Inner Outer Leading
At Intermediate Inspection, 2047 Test Miles
C 1.5 1.2 1.6 .13 .21 1.6 1.2 1.2
I 1.6 1.3 1.3 .20 .17 1.5 1.3 1.2
N 1.4 1.3 1.4 14 .12 1.5 1.2 1.3
W 1.4 1.2 1.2 .22 .21 1.5 1.1 1.5
S 0.8 0.7 6.9 0 0 0.9 0.6 0.9
At Final Inspection, 4096 Test Miles
c 1.2 1.1 1.0 .18 .22 1.3 1.1 6.9
I 1.1 1.0 0.9 .11 .i2 1.1 0.9 0.7
N 1.2 1.0 1.0 .12 .11 1.1 1.0 0.9
W 1.2 1.0 1.0 .18 .17 1.1 0.9 1.0
S 0.7 0.5 0.6 .05 .06 0.6 0.5 0.4
Incl 3
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Abstract (Continued)

During the investigation production processes using furnace fuslon
were selected. A comparison between metal spray, slurry, and decal
methods of application was made. The equipment and techniques of
company Code I6A were readily adaptable for reproducible good

quality fused carbide coatings on non-lubricated wear surfaces of
track shoes. Company Code I6A has developed equipment, techniques,
and personnel for hard surfacing agricultural implements on a
production basis making their slurry process reliable and economical
when compared to the less sophisticated metal spray and decal methods
of application.
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